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Abstract	
	
Researchers	have	observed	poor	driving	performance	among	those	who	have	sustained	an	ABI,	
compared	to	their	pre-morbid	selves	and	healthy	controls.		Because	of	the	role	that	attention	
plays	in	driving,	attentional	impairment	typically	observed	after	an	ABI	may	contribute	to	this	
driving	deficit.		Eye	glance	is	a	well-established	measure	of	visual	attention.		The	current	study	
sought	to	evaluate	participants’	glances	while	driving,	comparing	those	with	ABI	to	a	healthy	
control	group	on	two	conditions:	baseline	and	performing	a	secondary	task.	During	all	driving	
conditions,	the	ABI	had	more	overlong	glances	than	the	HC	group.	Both	ABI	and	HC	groups	had	
more	glances	away	during	the	task	condition	than	during	baseline.	There	were	also	significant	
interactions	of	group	x	driving	condition.		Results	showed	that	group	and	task	affected	the	
frequency	of	long	glances	away	from	the	road,	but	secondary	task	performance	had	greater	
effects	on	glances	of	the	ABI	group	than	on	the	HC	group.		A	secondary	aim	of	this	study	was	to	
compare	performance	on	traditional	neuropsychological	tests	to	eye	glances,	a	more	
ecologically	valid	measure	of	attention.		The	lack	of	many	significant	correlational	findings	are	
likely	due	to	the	complexity	of	the	construct	of	attention,	and	the	contributions	of	other	
cognitive	abilities	to	tests	and	during	driving.		This	study	showed	that	ABI	have	poorer	glance	
behavior	than	HCs	during	driving,	but	additional	research	is	necessary	to	determine	the	
implications	of	these	findings.		
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1.	Introduction	
	
Traumatic	brain	injury	(TBI),	also	referred	to	as	brain	injury	or	head	injury,	affects	an	
estimated	1.7	million	people	in	the	United	States	each	year	(Centers	for	Disease	Control	and	
Prevention	[CDC],	2010).			TBI	“is	caused	by	a	bump,	blow	or	jolt	to	the	head	or	a	penetrating	
head	injury	that	disrupts	the	normal	function	of	the	brain”	(CDC,	2010).			TBI	can	be	classified	as	
mild,	moderate,	or	severe,	usually	based	on	the	Glasgow	Coma	Scale	(GCS)	rating	(Lezak,	
Howieson,	&	Loring,	2004).		Moderate	and	severe	levels	are	associated	with	amnesia	or	loss	of	
consciousness.		An	acquired	brain	injury	(ABI)	encompasses	TBI	and	any	injury	to	the	brain	that	
is	not	hereditary,	congenital,	degenerative,	or	induced	by	birth	trauma,	including	cerebral	
vascular	accidents	(stroke)	and	loss	of	oxygen	to	the	brain	(hypoxic	brain	injury)	(Brain	Injury	
Association	of	America,	2015).		ABI	can	result	in	impaired	motor,	emotional,	and	cognitive	
functioning.		Symptoms	are	typically	most	prevalent	in	the	acute	post-injury	phase,	and	may	
completely	reside	for	some	patients	over	time.		However,	research	suggests	that	individuals	
with	ABI	may	experience	long-term	cognitive	impairment	which	may	compromise	performance	
in	activities	of	daily	life,	perhaps	even	without	patients’	awareness	(Griffen,	Rappaport,	Bryer,	
Bieliauskas,	&	Burt,	2011).			
ABI	can	negatively	impact	physical,	motor,	perceptual,	cognitive,	emotional	and	social	
functioning	(Dobkin,	2003).		Among	the	most	common	cognitive	effects	following	ABI	are	those	
related	to	attention	(Conkey,	1938).		Attention	is	a	complex	cognitive	system	comprised	of	
several	component	abilities	(Godefroy,	Lhullier,	&	Rousseaux,	1996;	Duncan	1998,	2004;	
Pavlovskaya,	Grosswasser,	Keren,	Mordvinov,	Hochstein,	2007).		Patients	with	ABI	often	cite	
attention-related	problems	such	as	difficulty	concentrating	and	staying	focused	(Van	Zomeran	
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&	Van	Den	Berg,	1985).		Objective	measures	of	attention	have	validated	these	subjective	
complaints,	and	researchers	have	demonstrated	that	individuals	who	have	sustained	an	ABI	
perform	worse	than	healthy	controls	on	measures	of	attention	including	focused,	sustained,	
and	divided	attention		(Belanger,	Curtiss,	Demery,	Lebowitz,	&	Vanderploeg,	2005;	Chan,	2005;	
Frencham,	Fox,	&	Maybery,	2005,	Steirwalt	&	Murray,	2002;	Godefroy,	Lhullier,	&	Rousseaux,	
1996;	Loken,	Thornton,	Otto,	&	Long,	1995;	Stuss,	Pogue,	Buckle,	&	Bondar,	1994;	Whyte,	
Polansky,	Fleming,	Coslett,	&	Cavalucci,	1995).			
	 A	significant	area	of	research	is	in	exploring	how	cognitive	deficits	impact	real	world	
functioning.		Driving	is	an	important	everyday	task	that	requires	a	multitude	of	cognitive	skills,	
and	researchers	are	continuing	to	explore	the	relationship	between	cognition	and	driving	
(Hargrave,	Nupp,	&	Erickson,	2012;	Ortoleva,	Brugger,	Van	der	Linden,	&	Walder,	2012).		It	has	
been	well	established	that	cognitive	impairment	can	adversely	affect	driving,	with	researchers	
finding	that	cognitive	impairment	has	been	correlated	with	poor	driving	performance	among	
the	elderly	(Wikman	&	Summala,	2005),	those	with	dementia	(Hunt	et	al,	1993)	and	those	who	
have	sustained	an	ABI	(Coleman,	2002).		
Driving	after	an	ABI	is	an	important	area	of	research	because	of	the	impact	it	can	have	
on	patients’	lives.	It	has	been	estimated	that	32	to	85%	return	to	driving	after	an	ABI	(Coleman	
et	al.,	2002;	Fisk	et	al.,	1998;	Formisano	et	al.	2005;	Hawley,	2001;	Pietrapiana	et	al.,	2005).		
Among	functional	limitations,	driving	has	been	identified	as	the	most	important	concern	for	
those	who	have	experienced	an	ABI	(Rappaport,	Hanks,	&	Bryer,	2006;	Hopewell,	C.,	2002).		
Those	who	return	to	driving	experience	better	community	integration	(Rappaport,	Hanks,	&	
Bryer),	have	higher	rates	of	employment	(Kruetzer,	et	al.,	2003),	and	report	higher	life	
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satisfaction	(Novack	et	al.,	2010;	Cappa,	Conger	&	Conger,	2011)	than	those	who	do	not	resume	
driving.		However,	following	an	ABI,	patients	have	demonstrated	a	decline	in	driving	ability	
compared	to	their	own	pre-morbid	abilities	(Bivona	et	al.,	2012)	and	compared	to	healthy	
controls	(Formissano,	et	al.,	2005).	
Operating	a	motor	vehicle	is	a	complex	task	that	requires	the	use	of	several	cognitive	
domains.		It	is	important	to	understand	the	underlying	cognitive	mechanisms	that	contribute	to	
safe	driving	in	order	to	reliably	detect	impairments	and	make	evidence-based	evaluations	about	
fitness	to	drive.			Additionally,	this	type	of	research	can	inform	rehabilitation	aimed	at	helping	
those	who	have	experienced	an	ABI	return	to	drive.			Attention-related	abilities	have	been	
identified	among	the	most	significant	predictors	of	driving	ability	(Mathias	and	Lucas,	2009).		
Although	there	is	evidence	supporting	the	utility	of	some	test	batteries	for	predicting	
driving	outcomes	(Radford,	Lincoln,	Murray-Leslie,	2004),	there	is	still	no	consensus	regarding	
which	tests	and	scores	are	the	most	reliable	predictors.		Some	researchers	have	attempted	to	
identify	cutoff	scores	from	cognitive	test	batteries	that	would	help	predict	whether	or	not	
individuals	would	pass	a	road	test	following	an	ABI	(Alaksen,	et	al,	2013).		There	are	limitations	
to	this	approach	of	predicting	driving	behavior.		Many	of	these	tests	measure	basic	skills,	but	
driving	is	a	complex	task	that	requires	the	use	of	several	cognitive	domains.		A	comprehensive	
battery	of	cognitive	tests	is	more	likely	than	singular	tests	to	provide	an	accurate	prediction	of	
how	one	will	perform	behind	the	wheel.		
There	are	alternative	methods	to	measuring	cognitive	abilities	besides	traditional	
neuropsychological	tests.		The	Useful	Field	of	View	(UFOV;	Owsley,	Ball,	Sloane,	Roenker,	&	
Bruni,	1991)	is	a	computerized	assessment	which	measures	processing	speed,	divided	
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attention,	selective	attention	and	yields	a	composite	score.			This	test	has	emerged	as	one	of	
the	most	significant	predictors	of	driving	ability	in	clinical	and	non-clinical	populations	
(Konstantopouloos,	Chapman,	Crundall,	2010;	Whelihan,	DiCarlo,	&	Paul,	2005;	Goode	et	al	
1998;	Rizzo,	Reinach,	McGehee,	&	Dawson,	1997).		In	2009,	Mathias	&	Lucas	performed	a	meta-
analysis	of	studies	examining	cognitive	predictors	of	unsafe	driving	ability	in	the	elderly	
population,	and	found	that	the	UFOV	was	one	of	the	most	significant	predictors	of	driving	
ability.		While	many	researchers	have	looked	independently	at	how	those	with	ABI	perform	on	
the	UFOV	(Fisk	et	al.,	2002;	Calvanio,	2004)	and	how	this	population	performs	on	measures	of	
driving	ability	(Preeece,	Horswill,	Geffen,	2011;	Bivona,	et	al.,	2012;	Ross,	Pondford,	Stefano,	
and	Spitz,	2015),	few	studies	have	simultaneously	evaluated	UFOV	scores	and	driving	ability	in	
this	population.	Fisk	and	colleagues	(2002)	discovered	differences	between	ABI	and	healthy	
controls	on	UFOV	performance,	but	only	used	this	finding	to	make	inferences	about	driving	
ability	and	did	not	actually	measure	driving	performance.	
Another	well-established	way	of	measuring	attention,	specifically	visual	attention,	is	
observing	eye	glance	behavior.			Two	crucial	components	of	driving	are	the	location	and	
duration	of	drivers’	glances	(Marple-Horvat	et	al,	2005).		Where	visual	attention	is	allocated,	
and	for	how	long,	are	important	because	they	determine	what	reaches	the	retina	and	is	
processed	by	visual	cortex.		Research	has	shown	that	glance	behavior	and	driving	performance	
are	highly	correlated	(Briggs,	Hole,	and	Land	2016;	Wong	and	Huang,	2013).		Experienced	
drivers	learn	to	distribute	their	visual	attention	efficiently	(Wilkman	et	al.,	1998;	Mourant	&	
Rockwell,	1972),	with	glance	durations	and	locations	that	correlate	with	safe	driving	(Metz,	
Schömig	&	Krüger,	2011).		Among	healthy	participants,	inadequate	distribution	of	visual	
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attention	has	been	linked	with	impaired	driving	performance	(Metz,	Schömig	&	Krüger	,	
Marple-Horvat	et	al.,	2005).			
Research	has	demonstrated	abnormal	eye	glance	behavior	among	ABI	patients	
compared	to	HCs	while	driving	(Haikonen	et	al.,	1998).		Abnormal	glance	behavior,	such	as	
glancing	away	from	the	road	for	too	long,	during	driving	can	impair	performance	and	
compromise	safety	(Van	Donkelaar	&	Lee,	1994;	Crowdy	et	al.,	2000;	Wilson,	Chattington,	&	
Marple-Horvat,	2008).		In	a	study	of	neurologically	healthy	individuals	in	a	simulated	driving	
environment,	Metz,	Schömig	&	Krüger	(2011)	found	that	the	number	of	collisions	was	related	
to	inadequate	distribution	of	eye	glances.		
It	is	well	established	that	the	most	important	region	for	a	driver	to	look	is	straight	ahead	
(Wierwille	1993;	Underwood,	2007;	Levin,	2009).		However,	there	are	reasons	to	look	
elsewhere,	such	as	into	the	rear	view	mirrors	or	out	the	side	windows.		Glances	away	from	the	
driving	scene	are	normal	during	driving,	but	are	more	frequent	when	a	driver	engages	in	a	
secondary	task	(Metz,	Schömig	&	Krüger,	2011).		While	operating	a	vehicle,	drivers	may	engage	
in	a	number	of	secondary	tasks	including	using	a	cell	phone,	operating	an	entertainment	
system,	or	configuring	a	navigation	system.		When	simultaneously	required	to	drive	and	
perform	a	secondary	task	that	demands	attention,	a	driver	is	forced	to	divide	his	or	her	
attention	between	the	road	and	the	task.		Researchers	have	found	that	when	presented	with	a	
dual	task,	eye	glance	switches	between	the	driving	scene	and	secondary	task	(Sodhi,	Reimer	&	
Liamazares,	2002;	Victor	2005;	Wierwille,	1993).		When	inadequate	time	is	allotted	to	the	
driving	scene,	driving	performance	suffers	and	safety	is	compromised.		In	a	study	by	Briggs,	
Hole,	and	Land	(2016),	drivers	who	were	distracted	by	a	secondary	task	detected	fewer	hazards	
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and	took	longer	to	respond	to	critical	driving	events	than	those	who	were	not	distracted.		
Secondary	tasks	that	demand	more	visual	attention	have	a	greater	impact	on	driving	
performance	(Metz	et	al.,	2011).			
There	is	evidence	that	ABI	patients	do	not	allocate	visual	attention	adequately,	
especially	when	presented	with	a	secondary	task.		Haikonen	and	colleagues	(1998)	found	that	
ABI	patients	who	performed	secondary	tasks	while	driving	had	a	higher	percentage	of	long	
glances	(>1.5s)	away	from	the	road	than	did	healthy	controls.	Neyens,	Boyle,	and	Schultheis	
(2015)	also	found	that	the	ABI	drivers	made	longer	and	more	frequent	glances	toward	the	
secondary	tasks	than	healthy	controls.	
The	overarching	goal	of	the	current	study	was	to	further	examine	the	relationship	
between	eye	glances,	attention,	and	on-road	driving	of	those	with	ABI.		
Aim	1:	Determined	if	group	or	driving	condition	had	effects	on	the	frequency	of	long	(>	1.5s)	
glances	away	from	the	road	scene.		
Hypothesis	1a:		It	was	hypothesized	that	there	would	be	a	main	effect	of	driving	condition,	with	
both	groups	(ABI	and	HC)	having	significantly	more	glances	away	from	the	road	during	the	
secondary	task	conditions	(coin	sorting	and	radio	tuning)	than	during	the	baseline	drive.			
Hypothesis	1b:	It	was	hypothesized	that	there	would	be	a	main	effect	of	group,	with	the	ABI	
group	having	a	more	long	glances	away	from	the	road	than	the	HC	group	during	both	baseline	
and	secondary	task	(coin	sorting	and	radio	tuning)	conditions.	
Aim	2:	Examined	the	relationship	between	traditional	measures	of	attention	and	eye	glances,	
looking	specifically	at	scores	on	tests	that	measure	attention:	Trails	A,	Trails	B,	Digit	Span,	
SDMT,	and	UFOV.	
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Hypothesis	2.1:	It	was	hypothesized	that	there	would	be	little	variability	in	test	scores	and	eye	
glance	measures	of	the	HC	group,	and	therefore,	there	would	not	be	any	significant	correlations	
between	tests	scores	and	glances	of	this	group.	
Hypothesis	2.2:	It	was	hypothesized	that	for	the	ABI	group,	poorer	scores	on	each	attention	
measure	would	significantly	correlate	with	higher	frequencies	of	long	glances	away	from	the	
road	during	baseline	and	task	conditions.		
2.2.a:	It	was	expected	that	glance	behavior	during	the	different	driving	conditions	would	
have	stronger	relationships	with	tests	that	measured	particular	kinds	of	attention;	specifically	
that:	
i.	glance	behavior	during	baseline	drives	would	have	the	strongest	correlational	
relationships	with	tests	of	sustained	attention:	Trails	A	and	Digit	Span,	and		
ii.		glance	behavior	during	both	task	conditions	would	have	the	strongest	correlational	
relationships	with	tests	of	selective	and	divided	attention:	Trails	B,	SDMT,	and	UFOV	selective	
attention	and	divided	attention	subtests.			
2.	Method 	
This	was	a	retrospective	study	of	data	collected	as	part	of	larger	study	funded	by	a	grant	
from	the	National	Institute	of	Child	Health	and	Human	Development.	The	larger	study	
examined	cognitive,	visual,	and	driving	abilities	of	individuals	with	brain	injury	and	a	
neurologically	healthy	control	group.	The	study	was	approved	by	the	Institutional	Review	Board	
/	Office	of	Regulatory	Compliance	of	Drexel	University.		
2.1	Participants		
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		 There	were	34	participants	chosen	for	this	study:		15	ABI	and	19	healthy	controls	(HCs).	
The	ABI	group	was	comprised	of	11	males	(73%)	and	4	females	(27%),	and	the	HC	group	was	
comprised	of	11	males	(58%)	and	8	females	(42%).	ABI	participants’	ages	ranged	from	22-57	
years	old,	and	the	HC	participants’	ages	ranged	from	21-60	years	old.	
ABI	was	defined	as	a	result	of	trauma	or	stroke.	Information	about	injury	type	and	
severity	was	verified	by	self-	or	informant	report	and	medical	records	whenever	possible.		
Participants	in	the	ABI	group	were	recruited	from	rehabilitation	hospitals	and	support	groups	in	
the	Philadelphia	metro	area.		Participants	in	the	control	group	of	the	larger	study	were	
recruited	via	newspaper	advertisement	and	flyers	posted	in	public	places	within	the	local	
community.		
	 The	following	criteria	were	applied	for	the	larger	study:		
Inclusion	criteria:	
1) between	the	ages	of	18	and	60,	to	minimize	the	potential	effects	of	aging	on	driving	
(Evans,	L.,	1991;		Lyman,	Ferguson,	Braver,	&	Williams,	2002)	
2) current	licensure	issued	in	the	United	States		
3) at	least	one	year	of	driving	experience	to	reduce	the	effects	of	inexperienced	driving	
on	driving	and	eye	glance		
Exclusion	criteria	were:	
1) expert	drivers	(ie.	truck	drivers,	race	car	drivers),	since	the	population	of	interest	for	
this	study	is	typical	drivers	
2) a	history	of	reckless	driving,	defined	as	having	a	disproportionate	number	of	tickets	
associated	with	moving	violations	(ie.	Speeding,	running	red	lights)	
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3) require	adaptive	equipment,	since	the	vehicle	used	in	testing	was	not	equipped	for	
that	
4) a	significant	psychiatric	history,	history	of	substance	abuse,	or	neurological	illness,	
aside	from	that	associated	with	ABI, since	these	conditions	could	significantly	affect	
cognition	and	behavior	
5) taking	medication	with	potentially	sedative	effects	at	the	time	of	the	testing	
6) more	than	one	brain	injury	 	
Data	inclusion	requirements	
The	current	study	was	focused	on	eye	glance	data.		Therefore,	coded	eye	glance	data	
must	have	been	available	for	a	participant	from	the	larger	study	to	be	included	in	the	current	
study.		Additionally,	coded	eye	glance	data	must	have	been	completed	with	no	“missing”	data	
during	either	the	two	task	segments	or	their	corresponding	baselines.	Eye	glance	location	was	
coded	as	“missing”	when	the	coding	team	was	unable	to	infer	glance	location	due	to	reasons	
including	dropped	video	signal,	video	freezing,	the	participant’s	face	was	obstructed,	etc.		
A	power	analysis	based	on	a	moderate	effect	size	(f	=	.25)	at	80%	power	with	an	alpha	
level	of	.05	was	conducted	to	determine	the	suggested	sample	size	for	the	primary	analysis	of	a	
factorial	analysis	of	variance	(ANOVA).	The	suggested	sample	was	124.	However,	previous	
studies	of	similar	measures	taken	from	the	same	populations	found	significant	effects	with	25-
39	participants,	so	the	current	study	proceeded	with	analyses	based	on	the	34	participants	for	
which	full	relevant	data	was	available.			
2.2	Measures	
2.2.1	Cognitive	Measures	
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Participants	in	the	larger	study	completed	a	comprehensive	battery	of	
neuropsychological	tests	that	included	measures	of	attention,	executive	functioning,	
visuospatial	abilities,	and	non-verbal	memory.		The	current	study	will	only	examine	
neuropsychological	measures	related	to	attention,	a	cognitive	domain	that	have	been	found	to	
contribute	to	driving	performance.			
	
Measure	 Domain	assessed	
WAIS-III	Digit	Span	(DS)	 Working	memory	&	attention	
Trail	Making	Test	A	(TMT-A)	 Processing	speed,	attention,	executive	functioning	
Trail	Making	Test	B	(TMT-B)	 Processing	speed,	attention,	executive	functioning	
Symbol	Digit	Modalities	Test	(SDMT)	 Information	processing,	attention	
	
	
The	current	study	also	examined	participants’	scores	on	The	Useful	Field	of	View®		
(UFOV)	test,	including	scores	on	all	three	subtests	(processing	speed,	divided	attention,	and	
selective	attention)	and	the	composite	score.		Prior	research	has	found	the	UFOV	(Owsley,	Ball,	
Sloane,	Roenker,	&	Bruni,	1991)	to	be	a	useful	measure	of	visual	attention	in	individuals	with	
ABI		(Fisk,	2002;	Calvanio	et	al.,	2004).	
	
Neuropsychological	Test	 Type	of	attention	measured	
Trails	A	 Sustained	
Trails	B	 Selective	
Digit	Span	 Sustained	
SDMT	 Selective	
UFOV	subtest	1	 Selective	
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UFOV	subtest	2	 Divided	
UFOV	subtest	3	 n/a	-	info	processing	
	
2.2.2	Vision	Measures	
Participants	were	all	licensed	drivers	in	the	U.S.	and	thus	had	to	meet	the	vision	
requirements	for	licensure.		Vision	tests	typically	require	drivers	to	meet	standards	of	visual	
acuity	and	peripheral	vision,	with	or	without	corrective	lenses.		
This	study	explored	whether	or	not	there	were	group	differences	on	measures	of	visual	
acuity,	contrast	sensitivity,	stereovision,	depth	perception,	and	color	blindness,	and	whether	or	
not	there	were	relationships	between	these	vision	measures	and	eye	glance	behavior.		
Specifically,	this	study	looked	at	participants’	scores	on	the	ETDRS	Acuity	Test,	Mars	Letter	
Contrast	Sensitivity	Test,	the	Randot	®	Stereotest,	and	the	Ishihara	Test	for	colorblindness.		
These	tests	allowed	us	to	evaluate	visual	abilities	other	than	acuity,	and	explore	relationships	
between	these	abilities	and	eye	glance	behavior	while	driving.	
• ETDRS	acuity	test	–	“worldwide	standard”	test	for	visual	acuity	that	requires	
reading	rows	of	letters	that	decrease	in	size.	Can	be	done	with	right,	left,	and	
both	eyes	simultaneously.	
• The	Mars	Letter	Contrast	Sensitivity	Test	-	measures	one’s	peak	visual	contrast	
sensitivity	by	having	participants	identify	stimuli	that	gradually	decrease	in	
contrast.		Impairment	in	contrast	sensitivity	can	occur	with	little	to	no	visual	
acuity	impairment.				
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• 	The	Randot	Stereotest	-	provides	a	measure	of	stereovision	and	depth	
perception,	which	allows	us	to	evaluate	participants’	abilities	to	see	with	both	
eyes	and	judge	their	distances	from	objects	in	their	visual	field.			
• Ishihara	Test	–	tests	for	deficiencies	in	red-green	color	perception.	
2.2.3	Driving	and	Secondary	Task		
As	part	of	the	larger	study,	participants	completed	an	on-road	(OR)	driving	experiment	
conducted	by	a	rehabilitation	specialist	who	was	blind	to	participant	condition.	Participants	
drove	a	baseline	and	a	task	drive	in	a	2002	Ford	Taurus,	equipped	with	seven	cameras	and	
sensors	that	collected	information	about	brake	and	accelerator	pedal	forces,	vehicle	
acceleration,	steering,	GPS	position,	and	speed.	Video	and	performance	data	were	collected	at	
5	Hz.	All	drives	took	place	in	the	morning,	and	on	the	weekend	for	reduced	traffic	volume	and	
to	limit	driver	distraction.		Participants	drove	on	multi-lane,	divided	suburban	and	rural	roads	in	
Newtown,	Pennsylvania.	
Baseline	Drive:	Before	the	drive	commenced,	participants	were	acquainted	with	the	
vehicle	and	controls	and	given	the	opportunity	to	ask	questions.		Participants	then	drove	a	pre-
defined	route	where	the	speed	limit	ranged	from	30-45.		Participants	drove	this	route	without	
the	distraction	of	a	secondary	task.			
Task	Drive:	After	completing	the	baseline	drive,	participants	drove	through	the	same	
roads	again,	but	this	time	they	were	prompted	by	the	evaluator	to	complete	a	series	of	three	
tasks	while	driving:	radio	tune,	coin	sort,	and	CD	change.		The	current	study	will	only	include	the	
radio	tune	and	coin	sort	tasks	because	it	was	decided	during	the	larger	study	that	the	CD	task	
did	not	sufficiently	represent	the	real-world	task	equivalent.		The	segments	of	the	road	where	
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participants	were	asked	to	perform	the	tasks	were	straight,	rural,	and	free	of	stop	signs	and	
traffic	lights.	The	speed	limit	was	40	mph	(64	kph).	Order	of	the	tasks	was	counterbalanced.	The	
radio	task	required	participants	to	turn	on	the	radio	and	tune	to	station	93.3	FM,	and	the	coin	
task	required	participants	to	make	65	cents	change	from	the	available	coins	in	the	console	and	
hand	it	to	the	experimenter.	Task	commencement	was	determined	by	the	beginning	of	
instructions	and	task	completion	occurred	when	the	participant	returned	his	or	her	hands	to	
the	steering	wheel	following	the	task.		
2.2.4	Eye	Glances	
A	pinhole-sized	MPEG-2	PC	camera	on	the	rear-view	mirror	recorded	the	driver’s	face	
for	the	duration	of	the	drive.	Video	of	the	driver’s	face	was	used	to	capture	his	or	her	eye	gaze,	
allowing	researchers	to	see	where	participants	were	looking	during	the	drive.	Video	footage	for	
all	participants	was	viewed	and	coded	by	a	team	of	researchers	at	the	University	of	Washington	
-	Seattle.		
The	coding	system	consisted	of	nine	possible	eye	glance	zones	where	glances	could	have	
been	directed.	This	system	is	based	on	prior	research	and	review	of	samples	from	on-road	or	
test-track	video	data.		Location	and	duration	of	drivers’	glances	are	critical	elements	of	driving	
(Marple-Horvat	et	al,	2005).		Coded	data	indicates	to	which	zone	a	participant	directed	his/her	
gaze	(location)	and	for	how	long	he/she	directed	his/her	gaze	to	this	location	(duration)	before	
switching	to	the	next.	Duration	of	gaze	was	measured	in	seconds	and	rounded	to	the	nearest	
two	tenths	of	a	second.			
It	is	typical	for	drivers	to	distribute	glances,	horizontally	and	vertically,	in	order	to	gather	
information	from	their	surroundings	(Wikman	and	Summala,	2005).		It	is	also	normal	for	drivers	
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presented	with	a	dual	task	to	switch	their	glances	between	the	driving	scene	and	secondary	
task	(Sodhi,	Reimer	&	Liamazares,	2002;	Victor	2005)	However,	glances	away	from	the	road	
scene	that	exceed	1.5	seconds	are	considered	risky	and	unsafe	(Wierwille,	1993).		The	current	
study	categorized	glance	locations	in	one	of	two	ways:	forward	and	away.		The	forward	region	
was	defined	as	glances	within	the	forward	road	scene,	bound	by	the	limits	of	the	windshield.	
This	does	not	include	the	center	rearview	mirror.		Away	was	defined	as	any	zone	that	is	not	
forward,	and	includes,	but	is	not	limited	to,	glances	at	side-view	mirrors,	the	console	area,	and	
dashboard.		Like	some	other	researchers	who	have	evaluated	glance	behavior	while	driving	did,	
the	current	study	treated	this	as	a	dichotomous	variable,	combining	all	regions	that	were	not	
forward	into	the	away	category	(Metz,	Schomig,	Kruger,	2011;	Kingery	et	al,	2015).			For	the	
purposes	of	this	study,	it	does	not	matter	exactly	where	glances	away	from	the	forward	scene	
were	directed,	just	that	they	were	away	from	the	front	road	scene.				
2.3	Procedures	
Participants	were	identified	for	the	current	study	if	eye	glance	data	was	complete	for	
driving	segments	during	which	they	performed	the	secondary	tasks	(radio	tuning	and	coin	
sorting)	and	the	two	baseline	segments	that	corresponded	with	these	segments.		Because	tasks	
were	counter-balanced	across	participants,	baseline	segments	were	matched	correctly	to	the	
corresponding	task	for	each	participant.			
2.4	Analyses	
Aim	1:	Determined	whether	or	not	group	and	driving	condition	had	effects	on	frequency	of	
long	glances	away	from	the	road	scene.		
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The	current	study	examined	whether	participants	had	a	higher	frequency	of	overlong	glances	
(>1.5s)	away	from	the	road	during	secondary	task	conditions	compared	to	their	respective	
baseline	drive	segments.		This	study	also	analyzed	whether	participants’	group	(HC	or	ABI)	had	
an	effect	on	the	frequency	of	glances	away	from	the	road	in	all	conditions.	
Hypothesis	1a:	It	was	hypothesized	that	there	would	be	a	main	effect	of	driving	condition,	with	
both	groups	having	significantly	more	glances	away	from	the	road	during	the	secondary	task	
condition	than	during	the	baseline	drive.			
Hypothesis	1b:	It	was	hypothesized	that	there	would	be	a	main	effect	of	group	with	the	ABI	
group	having	more	long	glances	away	from	the	road	than	the	HC	group	during	both	baseline	
and	secondary	task	condition.			
Both	of	these	hypotheses	were	examined	using	2	X	2	analyses	of	variance	(ANOVAs).		
One	was	performed	for	the	coin	sort	task	and	its	respective	baseline.	Another	was	performed	
for	the	radio	tune	task	and	its	respective	baseline.		
Aim	2:	Examined	the	relationship	between	traditional	measures	of	attention	and	eye	glances.			
To	explore	the	relationship	between	eye	glance	and	traditional	attention	measures,	we	
looked	specifically	at	scores	on	tests	that	measure	attention:	Trails	A,	Trails	B,	Digit	Span,	SDMT,	
and	UFOV	and	their	relationship	with	the	number	of	long	eye	glances	away	from	the	road	for	
each	participant.		
Hypothesis	2.1:	It	was	hypothesized	that	there	would	be	little	variability	in	test	scores	and	eye	
glance	measures	of	the	HC	group,	and	therefore,	there	would	not	be	any	significant	correlations	
between	tests	scores	and	glances	of	this	group.	
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Hypothesis	2.2:	It	was	hypothesized	that	for	the	ABI	group,	poorer	scores	on	each	attention	
measure	would	significantly	correlate	with	higher	frequencies	of	long	glances	away	from	the	
road	during	baseline	and	task	conditions.		
2.2.a:		It	was	also	expected	that,	for	the	ABI	group,	glance	behavior	during	different	
driving	conditions	would	have	stronger	relationships	with	tests	that	measured	particular	kinds	
of	attention:	
i.	glance	behavior	during	baseline	drives	would	have	the	strongest	correlational	
relationships	with	tests	of	sustained	attention:	Trails	A	and	Digit	Span,	and		
ii.		glance	behavior	during	both	task	conditions	would	have	the	strongest	correlational	
relationships	with	tests	of	selective	and	divided	attention:	Trails	B,	SDMT,	and	UFOV	selective	
attention	and	divided	attention	subtests.			
Pearson’s	correlations	were	conducted	to	determine	the	relationships	that	each	
traditional	attention	measure	had	with	the	number	of	overlong	glances	away	from	the	road	
scene.		Separate	correlational	analyses	were	done	for	each	group	(ABI	and	HC).	For	exploratory	
purposes,	correlational	analyses	were	done	for	the	entire	sample	of	participants	(ABI	&	HC)	as	a	
whole.	
3.	Results	
This	section	will	first	describe	participants’	general	characteristics,	and	then	will	discuss	
and	compare	group	measures	on	visual	ability	and	neuropsychological	performance.	Finally,	the	
specific	hypothesis	will	be	addressed	in	the	order	in	which	they	were	initially	presented.	
Descriptives	
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A	Chi-square	analysis	determined	that	there	was	no	statistical	difference	in	the	sex	
distribution	of	each	group	[X2	(1,	34)	=	.875,	p		=	.350].			Table	1	shows	that	the	ABI	group	was	
73%	male	(N	=	11)	and	27%	female	(N=4),	and	the	healthy	control	(HC)	group	was	58%	male	
(N=11)	and	42%	female	(N	=	8).		Non-significant	results	from	independent	samples	t-tests	
confirmed	that	the	ABI	and	HC	groups	were	also	matched	on	age	[t(32)	=	-.20,	p	=	.84]	and	
education	[t(32)	=	-.1.30,	p	=	.20].	The	mean	ages	for	each	group,	also	found	in	Table	1,	were	
38.60	(SD	=	11.33)	for	the	ABI	group,	and	37.74	(SD	=	13.00)	for	the	HC	group.		The	ABI	group	
had	an	average	of	15.00	(SD	=	1.73)	years	of	education	while	the	HC	group	had	an	average	of	
15.73	(SD	=	1.56)	years.	
Average	age	of	licensure	for	the	ABI	group	was	16.97	(SD	=	1.89)	and	was	20.79	(SD	=	
9.22)	for	the	HC	group	(see	Table	1)	[t(32)	=	1.57,	p	=	.12].		The	ABI	group	reported	an	average	
of	21.63	(SD	=	11.33)	years	of	driving	experience,	and	the	HCs	reported	16.95	(SD	=	11.11)	years	
[t(32)	=	-1.21,	p	=	.12].	However,	the	differences	between	the	groups	were	not	statistically	
significant.			
The	ABI	group	reported	driving,	on	average,	5.00	days	(SD	=	2.88)	and	152.21	miles	(SD	=	
163.04)	per	week,	and	the	HC	group	reported	driving	3.32	days	(SD	=	2.47),	and	76.58	miles	(SD	
=	100.32)	per	week.		These	differences	between	groups	in	the	frequency	[t(31)	=	-1.80,.	p	=	.08]	
and	distance	[t(31)	=	-1.65,	p	=	.11]	of	driving	per	week	were	not	statistically	significant.			
In	sum,	there	were	no	statistical	differences	between	groups	on	sex,	age,	years	of	
education,	years	of	driving	experience,	age	at	which	they	were	licensed,	days	of	driving	per	
week	and	number	of	miles	driven	each	week.		
Vision	Measures	
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An	exploratory	analysis	of	vision	test	scores	uncovered	some	statistically	significant	
differences	between	groups	(see	Table	2).		Between-subjects	one-way	analyses	of	variance	
revealed	significant	group	differences	on	some	measures	of	acuity	and	contrast	sensitivity.		
Acuity	scores	were	determined	by	participants’	abilities	to	read	the	ETDRS	chart.		These	scores	
showed	that	the	HC	participants	were	able	to	read	significantly	more	letters	correctly	with	the	
right	eye,	56.89	(SD	=	4.20),	compared	to	the	ABI	group	at	49.93	(SD	=	11.13)	[F	(1,32)	=	6.33,	p	
<	.05].	The	HC	superior	ability	with	right	eye	acuity	was	also	revealed	in	the	logmar	score	-.06	
(SD	=	.10),	which	was	significantly	lower	than	that	of	the	ABI	participants	at	.09	(SD	=	.21)	[F	
(1,32)	=	7.820,	p	<	.01].		Note	that	lower	logmar	scores	indicate	better	vision.		HC	participants	
also	had	a	significantly	lower	acuity	score	for	both	eyes	at	.48	(SD	=	.22),	compared	to	their	ABI	
counterparts	at	.91	(SD	=	.66)	[F	(1,32)	=	6.95,	p	<	.05].		Like	logmar	scores,	lower	acuity	scores	
indicate	better	acuity.		
Contrast	sensitivity	measures	were	based	on	performance	on	the	Mars	Letter	Contrast	
Sensitivity	Test.		On	measures	of	contrast	sensitivity,	the	HC	scores	were	significantly	higher	
than	the	ABI	scores	on	right	eye	log	(HC:	M	=	1.65,	SD	=	.09;	ABI:		M	=	1.59,	SD	=	.09)	[F	(1,32)	=	
4.54,	p	<	.05]	and	both	eye	log	scores	(HC:	M	=	1.8,	SD	=	.06;	ABI:	M	=	1.71;	SD	=	.11)	[F	(1,32)	=	
8.30,	p	<	.01].		Again,	note	that	higher	logmar	scores	indicate	poorer	performance,	meaning	
that	the	ABI	outperformed	the	HC	group	according	to	these	measures	of	contrast	sensitivity.		
The	ABI	group	had	a	significantly	higher	contrast	value	(M	=	.0201,	SD	=	.0058)	for	both	eyes	
than	the	HC	group	(M	=.0158,	SD	=	.0022)	[F	(1,32)	=	8.27,	p	=	.01],	again	indicating	that	ABI	
participants	outperformed	the	HC	group	on	this	measure.		
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In	sum,	the	HC	group	demonstrated	better	visual	acuity	for	the	right	eye	and	when	using	
both	eyes	simultaneously.		However,	the	ABI	group	performed	better	on	the	tests	of	contrast	
sensitivity.	There	were	no	group	differences	in	ability	to	perceive	depth	(stereopsis)	and	color	
(Ishihara).	
Neuropsychological	Tests		
One-way	ANOVAs	were	used	to	compare	groups	on	several	neuropsychological	
measures	(see	Table	3).	Unlike	the	other	neuropsychological	tests	in	this	battery,	higher	scores	
of	the	UFOV	subtests	indicate	more	impairment,	and	higher	composite	scores	indicate	a	greater	
crash	risk.		The	HC	group	outperformed	the	ABI	group	on	the	SDMT	raw	score	[F	(1,	32)	=	10.49,	
p	<	.01)]	and	the	UFOV	subtests	of	Divided	Attention	[F	(1,	32)	=	4.49,	p	<	.05]	and	Selective	
Attention	[F	(1,	32)	=	4.39,	p	<	.05].		Although	HC	participants	performed	significantly	better	
than	their	ABI	counterparts	on	two	of	the	three	UFOV	sub-tests,	their	overall	driving	risk	rating	
was	not	significantly	different	[ABI:	M	=	1.67	(SD	=	1.40)	HC:	M	=	1.32	(SD	=	1.16);	F	(1,32)	=	
.642,	p	=	.429.				
Overall,	the	HC	group	performed	better	than	the	ABI	group	on	the	SDMT,	and	UFOV	
Divided	Attention	and	UFOV	Selective	Attention	subtests.		There	were	no	group	differences	
observed	on	any	other	neuropsychological	measures	used	in	this	study.	
Comparing	Glances	Between	Groups	and	Driving	Conditions	(Aim	1)	
Two	separate	2x2	factorial	ANOVAs	were	performed	to	examine	the	effects	of	group	
and	driving	condition	on	the	number	of	extended	(>1.5s)	glances	away	from	the	road.	The	coin	
and	the	radio	conditions	were	examined	separately	because	each	had	a	distinct	corresponding	
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baseline	to	be	used	as	a	comparison	to	the	respective	task	condition.		Frequencies	of	glances	
that	exceeded	1.5	seconds	are	summarized	in	Table	4	and	illustrated	in	Figures	1	and	2.		
Results	of	the	coin	task	ANOVA	are	summarized	in	Table	5,	and	the	frequencies	of	
extended	glances	are	represented	graphically	in	Figure	1.		The	ANOVA	revealed	a	main	effect	of	
driving	condition	[F	(1,32)	=	9.26,	p	<	.01],	with	both	groups	having	significantly	more	extended	
glances	away	from	the	road	during	the	coin	sort	task	(HC:	M	=	.32,	SD	=	.75;	ABI:	M	=	2.27,	SD	=	
3.41)	than	its	corresponding	baseline	drive	segment	(HC:	M	=	.00,	SD	=	.00;	ABI:	M	=	.13,	SD	=	
.52).		There	was	also	a	main	effect	of	group	[F	(1,32)	=	6.48,	p	<	.05],	with	the	ABI	group	having	
significantly	more	extended	glances	away	from	the	road	than	the	HC	group	in	both	the	baseline	
and	the	task	conditions.		Finally,	there	was	also	an	interaction	effect	of	driving	condition	x	
group	[F	(1,32)	=	5.10,	p	<	.05].			This	means	that	although	both	groups	showed	significantly	
more	glances	away	from	the	road	while	performing	the	coin	sort	task	compared	to	baseline	
drive,	ABI	participants	showed	a	much	greater	increase	in	extended	glances	from	the	road	than	
their	HC	counterparts.	
Figure	1	shows	that	during	the	baseline	drive,	the	HC	group	had	0	overlong	glances	away	
from	the	road.		The	ABI	group	had	more	overlong	glances	during	baseline	with	an	average	of	
.13	(SD	=	.52)	glances,	found	to	be	significantly	greater	than	the	HC	group.		When	performing	
the	coin	sort	secondary	task,	both	groups	had	a	significant	increase	in	the	number	of	overlong	
glances	away	from	the	road.		From	baseline	to	task,	the	ABI	group	went	from	an	average	of	.13	
(SD	=	.52)	overlong	glances	to	2.27	(SD	=	3.41)	overlong	glances.		HC	group	mean	glances	went	
from	0	during	baseline	to	.32	(SD	=	.75)	during	task	performance.	The	significant	interaction	
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determined	by	the	ANVOA	indicates	that	this	change	was	greater	for	the	ABI	group	(.13	to	2.27)	
than	it	was	for	the	HC	group	(0	to	.32).		
Table	6	summarizes	the	results	of	the	radio	tune	task	ANOVA,	and	a	graphical	
representation	can	be	found	in	Figure	2.		Analysis	of	the	radio	task	and	baseline	showed	that	
there	was	a	main	effect	of	driving	condition,	with	both	groups	having	significantly	more	
extended	glances	away	from	the	road	during	the	radio	tuning	task	(HC:	M	=	2.26,	SD	=	2.40;	ABI:	
M	=	4.07,	SD	=	2.02)	than	they	did	during	the	corresponding	baseline	[HC:	M	=	.00,	SD	=			.00;	
ABI:	M	=	.13,	SD	=	.35);	F	(1,32)	=	68.38,	p	<	.01].		The	repeated	measures	ANOVA	also	revealed	
a	main	effect	of	group,	with	the	ABI	group	having	significantly	more	extended	glances	away	
from	the	road	than	the	HC	group	during	both	the	baseline	and	radio	tuning	task	conditions	[F	
(1,32)	=	4,97,	p	<	.05].		Additionally,	there	was	a	significant	interaction	effect	of	driving	
condition	x	group	[F	(1,32)	=	5.78,	p	<	.05.].			This	means	that,	like	the	coin	sort	task,	the	radio	
task	condition	had	an	effect	on	both	groups	when	compared	to	their	baseline,	but	it	had	a	
greater	effect	on	the	ABI	group	than	the	HC	group.	
Figure	2	shows	how	groups	compared	on	their	overlong	glance	behavior	during	the	
radio	task	and	its	corresponding	baseline.		During	the	baseline	drive,	the	HC	group	had	0	
overlong	glances	away	from	the	road,	while	the	ABI	group	had	an	average	of	.13	(SD	=	.35),	
which	was	determined	to	be	significantly	more	than	HCs.	During	the	radio-tuning	task,	HC	
participants	increased	to	an	average	of	2.26	(SD	=	2.40)	extended	glances,	and	ABI	to	an	
average	of	4.07	(SD	=	3.06).		Both	groups	had	a	significant	increase	in	the	number	of	overlong	
glances	from	baseline	to	task,	and	the	ANOVA	determined	that	the	effect	of	the	task	was	
greater	for	the	ABI	group	than	it	was	for	the	HC	participants.		
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In	all	conditions:	coin,	radio,	and	their	corresponding	baselines,	the	ABI	group	had	a	
higher	frequency	of	extended	glances	away	from	the	road	than	the	HC	group.	During	both	coin	
and	radio	task	conditions,	both	groups	had	a	higher	frequency	of	extended	glances	away	from	
the	road	than	they	did	during	baselines.	Each	of	these	differences,	plus	the	interaction	of	group	
x	driving	condition	in	each	case,	was	found	to	be	statistically	significant.	
Neuropsychological	Tests	/	Eye	Glance	Correlation		(Aim	2)	
Pearson	correlations	were	performed	to	determine	whether	or	not	correlations	existed	
between	any	neuropsychological	test	scores	and	the	extended	eye	glances	away	from	the	road	
during	both	baselines	and	tasks.	Pearson	correlation	coefficients	for	each	relationship	are	
summarized	in	Tables	7-9.		Two-tailed	(non-directional)	tests	of	significance	did	not	reveal	any	
significant	correlations	between	neuropsychological	test	scores	and	eye	glance	behavior	in	any	
of	the	driving	conditions.		This	held	true	when	participants	were	analyzed	as	a	whole	(see	Table	
7b),	and	also	when	ABI	and	HC	groups	were	analyzed	separately	(see	Tables	8b	and	9b).			
One-tailed	tests	of	significance,	however,	revealed	a	few	significant	correlations	
between	test	scores	and	eye	glance	measures	for	the	group	as	a	whole	(see	Table	7b).			One-
tailed	tests	are	more	powerful,	and	are	more	relevant	here,	since	there	is	only	one	
hypothesized	direction	for	each	relationship.		
The	Digit	Span	raw	forward	score	was	significantly	negatively	correlated	with	the	
number	of	extended	glances	away	from	the	road	during	the	coin	sort-baseline	condition,	r	=	-
.30,	p	<	.05.		This	means	that	as	Digit	Span	performance	improved,	the	number	of	overlong	
glances	away	from	the	road	decreased.		The	SDMT	raw	score	was	significantly	negatively	
correlated	(r	=	-.32)	with	the	number	of	extended	glances	away	from	the	road	during	the	coin	
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sort	task,	and	the	UFOV	Selective	Attention	score	was	significantly	positively	correlated	(r	=	.30)	
with	the	frequency	of	extended	glances	away	during	this	task,	both	at	significance	level	of	p	<	
.05.		As	SDMT	performance	improved,	the	number	of	overlong	glances	decreased.		As	UFOV	
Selective	Attention	performance	improved	(scores	decreased),	the	number	of	overlong	glances	
decreased.		
When	analyzed	separately	with	one-tailed	correlational	analyses,	the	ABI	group	had	no	
significant	correlations	between	neuropsychological	tests	and	glances	(see	Table	8b).			Power	
for	these	test	was	low	but	there	were	still	some	correlations	in	the	low-moderate	range	
between	Digit	Span	forward	(r	=	-.37)	and	glance	behavior	during	the	coin	baseline,	and	Digit	
Span	backward	with	glance	behavior	during	the	coin	baseline	(r	=	-.38).		
Correlation	values	of	neuropsychological	tests	and	glance	frequencies	during	the	
baseline	conditions	could	not	be	calculated	for	the	HC	group	because	there	was	no	variability.	
During	baseline	conditions,	no	participants	in	the	control	group	had	any	glances	away	from	the	
road	that	exceeded	1.5	s.		However,	Pearson	correlation	values	were	able	to	be	determined	for	
both	task	conditions	(see	Table	9b).	When	the	HC	group	was	analyzed	separately	with	one-
tailed	parameters,	results	indicated	one	significant	correlation.	The	Digit	Span	forward	score	
was	significantly	negatively	correlated	with	the	frequency	of	extended	glances	during	the	coin	
sort	task,	r	=	-.43,	p	<	.05.		As	HC	participants’	performance	on	the	Digit	Span	forward	task	
improved,	the	number	of	overlong	glances	during	the	coin	task	decreased.		
	 	Although	two-tailed	analyses	revealed	no	significant	relationships	between	
neuropsychological	test	scores	and	frequency	of	extended	glances	away	in	any	condition,	more	
specific	one-tailed	tests	did.		These	correlational	analyses	revealed	significant	relationships	
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between	neuropsychological	measures	and	glance	behavior	during	the	coin	sort	task	and	its	
corresponding	baseline	–	one	when	looking	at	the	HC	group	separately,	and	three	other	
significant	relationships	between	test	scores	and	glances	when	participants	were	analyzed	as	a	
whole.	There	were	no	significant	relationships	between	test	scores	and	extended	glance	
frequencies	during	the	radio	tuning	task	or	its	corresponding	baseline	drive	segment.		
4.	Discussion	
	
The	current	study	demonstrated	that	when	driving,	there	are	differences	between	eye	
glance	behaviors	of	healthy	participants	and	those	who	have	sustained	an	ABI.		The	number	of	
long	eye	glances	away	from	the	road	increases	when	one	is	performing	a	secondary	task,	and	
those	who	have	sustained	an	ABI	appear	to	be	more	distracted	by	a	secondary	task	than	are	
healthy	individuals.			
Like	Haikonen	and	colleagues	(1998),	the	current	study	found	that	ABI	participants	have	
a	higher	frequency	of	glances	>1.5s	away	from	the	road	than	their	healthy	control	counterparts	
while	performing	secondary	tasks.		Unlike	the	study	of	Haikonen	and	colleagues,	the	current	
study	provided	a	baseline	comparison.		This	led	to	findings	that	ABI	also	have	a	higher	number	
of	extended	glances	away	from	the	road	during	baseline	conditions,	both	groups	do	better	
(have	fewer	long	glances	away)	during	baseline	than	during	secondary-task	performance,	and	
that	ABI	are	more	affected	by	task	conditions	than	the	HC	participants	are.		
Haikonen	and	colleagues	(1998)	analyzed	correlations	between	glances	and	
neuropsychological	tests,	but	none	were	primarily	test	of	attention.		The	current	study	used	a	
battery	different	from	that	of	Haikonen	and	colleagues,	comprised	of	tests	that	are	established	
measures	of	the	attention	domain.			This	was	done	in	order	to	explore	the	relationship	between	
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traditional	neuropsychological	measures	of	attention	and	a	measure	of	attention	considered	
more	ecologically	valid	–	eye	glances.				
The	current	study	found	a	few	significant	correlations	between	eye	glances	and	other	
attention	tests.		However,	there	is	still	much	to	be	explored.	There	were	no	significant	
correlations	between	neuropsychological	tests	and	glances	among	ABI	participants	(n	=	15),	and	
only	one	was	found	among	the	HC	group	(n	=	19).			
Lack	of	strong	correlations	in	these	analyses	may	be	due	to	small	sample	size.	When	the	sample	
size	increased	to	34,	and	the	same	participants	were	analyzed	as	whole,	three	additional	
relationships	were	found	to	be	significant.		Future	research	in	this	area	would	benefit	from	a	
larger	sample,	which	would	also	increase	the	power	of	the	tests.		
Although	the	small	sample	size	may	have	contributed	to	the	lack	of	strong	correlational	
findings,	there	are	other	factors	that	undoubtedly	contribute	to	these	findings,	or	lack	thereof.		
Both	the	neuropsychological	test	battery	and	eye	glances	provide	measures	of	attention.		The	
relationship	between	these	measures	and	the	cognitive	construct	of	attention,	however,	is	
complex.		There	is	no	known	singular	attention	system	in	the	brain	that	can	be	measured	by	a	
specific	task.		Current	understanding	is	that	the	attention	system	is	neuroanatomically	
distributed,	likely	comprised	of	several	subsystems,	and	its	structures	and	functions	overlap	
with	those	of	other	cognitive	constructs	(Godefroy,	Lhullier,	&	Rousseaux,	1996;	Duncan	1998,	
2004;	Pavlovskaya,	Grosswasser,	Keren,	Mordvinov,	Hochstein,	2007).		Pen	and	paper	tests	that	
measure	particular	cognitive	constructs	(ie.	attention),	cannot	do	this	exclusively,	since	there	
are	other	abilities	(ie.	information	processing,	motor	skills,	verbal	skills)	contributing	to	test	
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outcomes.		Similarly,	it	is	likely	that	there	are	factors	besides	visual	attention	that	contribute	to	
eye	glance	behavior	while	driving.		
As	discussed	earlier,	a	gold-standard	test	battery	has	yet	to	emerge	as	the	best	way	to	
predict	driving	behavior.		We	recommend	that	future	researchers	continue	to	analyze	and	
evaluate	the	value	of	alternative	ways	of	measuring	attention	that	are	more	ecologically	valid,	
such	as	eye	glances.		Using	this	measure	gives	us	a	better	idea	of	how	participant	behavior	
observed	in	controlled	settings	will	translate	to	real	world	behaviors	during	everyday	tasks	like	
driving.		
Besides	a	small	sample	size,	another	noteworthy	limitation	of	this	study	is	that	it	did	not	
include	a	measure	of	driving	behavior.		This	study	explored	the	relationships	between	
neuropsychological	tests	of	attention	and	eye	glances	while	driving.		However,	without	a	driving	
performance	measure,	such	as	speed	maintenance,	lane	deviation,	traffic	violations,	etc.,	we	
are	unable	to	conclude	anything	about	the	relationships	that	these	tests	and	glances	have	with	
one’s	ability	to	drive.			While	other	studies	have	found	that	poor	distribution	of	glances	relates	
to	poor	driving	performance,	it	would	be	beneficial	to	include	such	a	measure	in	an	experiment	
that	simultaneously	looks	at	performance	on	attention	tests,	and	does	so	among	the	ABI	
population.		
Another	consideration	for	future	research	is	to	evaluate	and	compare	the	secondary	
tasks	performed	by	participants.		In	general,	participants’	glances	were	significantly	affected	by	
both	tasks	performed	during	this	study.	However,	some	additional	observations	can	be	made	
about	these	tasks.		The	first	observation	is	that	the	radio-tuning	task	appears	to	have	a	greater	
impact	on	the	frequency	of	long	glances	away	from	the	road.		Comparing	Figures	1	and	2	shows	
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that	participants	had	a	higher	frequency	of	long	glances	during	the	radio-tuning	task	than	
during	the	coin	sort,	although	this	cannot	be	concluded	as	statistically	significant	because	an	
analysis	of	this	was	not	part	of	the	current	study.		If	this	is	in	fact	significant,	one	explanation	
could	be	that	there	were	more	long	glances	away	from	the	road	during	the	radio	task	because	
task	completion	relied	on	more	visual	feedback	compared	to	the	coin	task.		While	it	may	be	
helpful	to	look	at	the	coins	during	this	task,	it	may	not	be	necessary	in	order	to	complete	the	
task.	There	are	other,	non-visual	cues	that	would	help	one	achieve	this	task,	such	as	recognizing	
coins	by	the	way	they	feel.		Most	adults	are	familiar	enough	with	coins	to	use	tactile	feedback	
(ie.	coin	size)	to	determine	which	coins	are	in	their	hands.		The	radio	tuning,	on	the	other	hand,	
would	require	glances	at	the	radio	to	confirm	that	the	desired	station	was	found.		Radio	
configurations	tend	to	vary	depending	on	year,	make,	and	model	of	a	vehicle,	so	it	likely	that	
glances	toward	the	radio	would	also	be	necessary	to	identify	the	on/off	and	tuning	buttons.			
Another	difference	to	consider	is	the	relationships	that	the	tasks	had	with	the	other	
variables.		Specifically,	there	were	significant	correlations	observed	between	
neuropsychological	tests	and	eye	glance	during	coin	sort,	but	not	during	radio	tuning.		This	
suggests	that	the	coin	sort	task	has	a	stronger	relationship	with,	or,	is	more	similar	to,	a	
neuropsychological	test	than	is	the	radio-tuning	task.		This	is	plausible	because	sorting	coins	not	
only	requires	attention	to	the	individual	coins,	but	also	the	ability	to	add	their	values	together,	
much	like	neuropsychological	tasks	draw	on	several	motor	and	cognitive	abilities	to	complete.		
A	final	thing	to	consider	about	this	study	and	future	research	is	whether	familiarity	with	
the	vehicle	affects	task	performance.	For	the	current	study,	participants	performed	tasks	in	a	
vehicle	that	was	not	their	own.		Had	it	been	their	own	vehicle,	perhaps	they	would	have	relied	
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less	on	attention	and	more	on	procedural	memory	to	guide	their	actions.		This	is	likely	to	be	
especially	true	for	the	radio	task,	which	might	require	more	familiarity	with	configuration	of	
controls	versus	the	coin	sort	task,	which	should	remain	fairly	consistent	across	vehicles.		
In	sum,	it	is	recommended	that	future	research	includes	a	more	thorough	evaluation	of	
each	secondary	task	and	investigates	the	relationships	of	these	tasks	to	each	other	and	other	
secondary	tasks	using	objective	measures	and	statistical	analyses.		More	research	is	also	
necessary	to	determine	the	relationship	between	eye	glances	while	driving	and	driving	
performance.		Finally,	it	is	important	to	explore	how	practice	and	familiarity	with	the	vehicle	
affect	task	outcomes,	eye	glances,	and	driving	performance.		
	This	study	expounded	upon	existing	research	by	providing	a	baseline	measure	of	glance	
behavior	to	compare	to	glances	during	secondary	task	performance	while	driving.		It	also	
explored	the	relationships	between	traditional	neuropsychological	measures	and	visual	
attention	as	measured	by	eye	glances	while	driving,	but	there	is	still	much	to	be	explored	about	
these	relationships	and	the	cognitive	capacities	that	contribute	to	them.		Future	studies	should	
incorporate	cognitive	measures,	eye	glance	measures,	and	driving	measures	among	an	ABI	
population	to	build	on	the	current	study’s	analysis	in	order	to	better	understand	the	role	of	
attention	in	everyday	tasks.		
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Table	1	
	
Descriptive	statistics	of	ABI	and	healthy	control	(HC)	participant	groups	
	
	 ABI	(n	=	15)	 HC	(n	=	19)	 Total	(n	=	34)	
	
Sex	
	
	
M	=	11,	F	=	4	
(M	=	73%,	F	=	27%)	
	
	
M	=	11,	F	=	8	
(M	=	58%,	F	=	42%)		
	
M	=	22,	F	=12	
M		=	65%,		F	=	35%	
Age	 	38.60		(11.33)	
22-57	
37.74	(13.00)	
21-60	
38.12		(12.12)	
21-60	
	
Yrs	of	education	 15.00	(1.73)	
6-12	
15.73		(1.56)	
6-12	
15.41		(1.65)	
12-18	
	
Yrs	driving	 21.63		(11.33)	
3-40	
16.95	(11.11)	
1-39	
19.01		(11.29)	
1-40	
	
Age	licensed	 16.97		(1.89)	
16-23	
20.79		(9.22)	
15-47	
19.10		(7.19)	
15-47	
		
Days	per	week	
	
5.00		(2.88)+	
0-7	
	
3.32		(2.47)	
0-7	
	
4.03		(2.74)	
0-7	
	 	 	 	
Miles	per	week	 152.21	(163.04)+	 76.58		(100.32)	 108.67	(133.79)	
	
	
0-500	 0-350	
	
0-500	
n	=	14	
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	Table	2	
	
Measures	of	visual	ability	for	ABI	and	HC	groups	
	
	 ABI	(n	=	15)	 HC	(n	=	19)	+	 Total	(n	=	34)		
	
Acuity	total	correct	(L)	
	
	
54.93	(7.51)	
	
53.32	(7.65)	
	
54.03	(7.52)	
	
Acuity	score	(L)	
	
1.38	(1.29)	 1.26	(1.15)	 1.31	(1.19)	
Acuity	logmar	score	(L)	
	
-.01	(.18)	 .01	(.13)	 .00	(.15)	
Acuity	total	correct	(R)	
	
49.93	(11.13)	 56.89	(4.20)*	 53.82	(8.63)	
Acuity	score	(R)	
	
2.15	(1.77)	 .81	(.41)**	 1.40	(1.37)	
	
Acuity	logmar	score	(R)	
	
Acuity	both	eyes	correct		
	
Acuity	both	eyes	score	
	
.09	(.21)	
	
56.80	(6.66)	
	
.91	(.66)	
-.06	(.10)**	
	
59.63	(3.70)	
	
.48	(.22)*	
	
.01	(.17)	
	
58.38	(5.32)	
	
.67	(.51)	
Acuity	both	log	score	
	
-.05	(.13)	 -.09	(.12)	 -.08	(.12)	
Log	contrast	sens.	(L)	 1.57	(.11)	 1.63	(.08)	+	 1.6	(.10)^	
	
Contrast	value	(L)	
	
Log	contrast	sens.	(R)	
	
Contrast	value	(R)	
	
Both	eyes	log	contrast	
	
Both	eyes	contrast	value	
	
Level	of	stereopsis	
	
Scan	chart	correct	
	
Ishiara	correct		
	
.03	(.01)	
	
1.59	(.09)	
	
.03	(.01)	
	
1.71	(.11)	
	
.0201	(.0058)	
	
98.33	(131.44)	
	
9.40	(1.18)	
	
7.87	(.35)	
	
	
.02	(.00)	+	
	
1.65	(.09)*	+		
	
.02	(.00)	+	
	
1.8	(.06)**	+	
	
.0158	(.0022)**	+	
	
73.68	(89.25)	
	
9.79	(.63)	
	
8.00	(.00)	+	
	
.03	(.01)^	
	
1.62	(.09)^	
	
.02	(.01)^	
	
1.76	(.10)^	
	
.0177	(.0047)^	
	
84.56	(108.76)	
	
9.62	(.92)	
	
7.94	(.24)	
+n	=	18,	^n	=	33	
*	p	<	.05;	**	p	<.01	
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Table	3	
	
Neuropsychological	performance	scores	for	ABI	and	HC	groups	
	
	 ABI	(n	=	15)	 HC	(n	=	19)	 Total	(n	=	34)	
	
Trails	A	time	(s)	
	
	
31.55	(13.49)	
18.93-61.00	
	
26.23	(9.46)	
12.93-44.06	
	
	
28.57	(11.54)	
12.93-61.00	
	
Trails	B	time	(s)	
	
98.86	(90.08)	
30.25-308.00	
55.89	(24.00)	
29.40-137.98	
	
74.85	(65.01)	
30.25-308.00	
WAIS	Digit	Span		
(Forward	raw	score)	
	
10.40	(3.31)	
5.00-15.00	
11.32	(2.40)	
8.00-15.00	
10.91	(2.83)	
5.00-15.00	
	
WAIS	Digit	Span		
(Backward	raw	score)	
	
6.60	(3.36)	
2.00-13.00	
	
10.47(12.23)	
4.00-60.00	
	
8.76	(9.49)	
2.00-60.00	
Symbol	Digit	Modality	
Test	(raw	score)	
45.53	(12.78)	
22.00-70.00	
58.37	(10.34)**	
40.00-81.00	
52.71	(13.02)	
22.00-81.00	
		
UFOV	Processing	Speed	(ms)	
	
UFOV	Divided	Attn	(ms)	
	
55.57	(79.36)	
16.70-250.00	
	
108.29	(163.64)	
16.70-500.00	
	
23.91	(25.84)	
16.70-130.00	
	
28.12	(22.98)*	
16.70-110.00	
	
	
37.88	(57.37)	
16.70-250.00	
	
63.50	(115.24)	
16.70-500.00	
UFOV	Selective	Attn		(ms)	
	
	
UFOV	Driving	Risk	Rating	
153.54	(159.11)	
16.70-500.00	
	
1.67	(1.40)	
1.00-5.00	
	
71.31	(46.14)*+	
16.70-150.10	
	
1.32	(1.16)	
1.00-6.00	
108.68	(118.05)	
16.70-500.00	
	
1.47	(1.26)	
1.00-6.00	
	 	 	 	
+n	=	18	
*p	<	.05	
**p	<	.01	
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Table	4	
	
Frequency	of	extended	glances	away	from	road	scene	
	
	 Frequency	of	Glances	>	1.5s	
Group	 Baseline	(coin)	 Coin	 	
Baseline	
(radio)	 Radio	
HC	 .00	(.00)	 .32	(.75)	 	 .00	(.00)	 2.26	(2.40)	
ABI	 .13	(.52)	 2.27	(3.41)	 	 .13	(.35)	 4.07	(2.02)	
Total	 .06	(.34)	 1.18	(2.49)	 	 .06	(.24)	 3.06	(2.39)	
	
	
	
Table	5	
	
	
Summary	of	ANOVA	for	group	by	driving	condition	–	coin	sort	
	
	 Sum	of	Squares	 df	 Mean	Square	 F	 Sig.	
Group	 9.10	 1	 9.10	 6.49	 .016	
Driving	Condition	 25.14	 1	 25.14	 9.25	 .005	
Group	x	Condition	 13.84	 1	 13.84	 5.10	 .031	
	
	
Table	6	
	
	
Summary	of	ANOVA	for	group	by	driving	condition	–	radio	tuning	
	
	 Sum	of	Squares	 df	 Mean	Square	 F	 Sig.	
Group	 7.86	 1	 7.86	 5.78	 .022	
Driving	Condition	 160.92	 1	 160.92	 68.38	 .000	
Group	x	Condition	 11.69	 1	 11.69	 4.97	 .033	
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Table	7	
	
Correlational	values	of	attention	tests	and	extended	glances	for	all	participants		
	
a.	Two-tailed	
	 Driving	condition	
Neuropsychological	
measure	
Baseline	
(coin)	 Coin	
Baseline	
(radio)	 Radio	
Trails	A	time	(s)	 -.02	 .14	 .11	 .12	
Trails	B	time	(s)	 .01	 .08	 .19	 .17	
Digit	Span	(fwd)	 -.31	 -.17	 -.22	 .04	
Digit	Span	(bkwd)	 -.13	 -.06	 -.15	 -.20	
SDMT	(raw)	 -.13	 -.32	 -.19	 -.04	
UFOV	Processing	Speed	 .23	 -.02	 .12	 .16	
UFOV	Divided	Attention	 .08	 -.02	 .01	 .12	
UFOV	Selective	Attention+	 .07	 .29	 .03	 .24	
UFOV	Risk	Rating	 .07	 -.11	 .01	 .24	
+n	=	33	
	
	
b.	One-tailed	
	 Driving	condition	
Neuropsychological	
measure	
Baseline	
(coin)	 Coin	
Baseline	
(radio)	 Radio	
Trails	A	time	(s)	 -.02	 .14	 .11	 .12	
Trails	B	time	(s)	 .01	 .08	 .19	 .17	
Digit	Span	(fwd)	 -.31*	 -.17	 -.22	 .04	
Digit	Span	(bkwd)	 -.13	 -.06	 -.15	 -.20	
SDMT	(raw)	 .24	 -.32*	 -.19	 -.04	
UFOV	Processing	Speed	 .23	 -.02	 .12	 .16	
UFOV	Divided	Attention	 .08	 -.02	 .01	 .11	
UFOV	Selective	Attention+	 .07	 .29*	 .03	 .24	
UFOV	Risk	Rating	 .07	 -.11	 .01	 .24	
*	p	<	.05	
+n	=	33	
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Table	8	
	
Correlational	values	of	attention	tests	and	extended	glances	for	ABI	participants			
	
	
a.	Two-tailed	
	 Driving	condition	
Neuropsychological	
measure	
Baseline	
(coin)	 Coin	
Baseline	
(radio)	 Radio	
Trails	A	time	(s)	 -.08	 .04	 .07	 .08	
Trails	B	time	(s)	 -.06	 -.07	 .11	 .09	
Digit	Span	(fwd)	 -.37	 -.07	 -.23	 -.10	
Digit	Span	(bkwd)	 -.38	 -.10	 -.44	 -.13	
SDMT	(raw)	 -.05	 -.14	 -.08	 .02	
UFOV	Processing	Speed	 .20	 -.18	 .05	 .14	
UFOV	Divided	Attention	 .01	 -.18	 -.09	 -.02	
UFOV	Selective	Attention	 .00	 .18	 -.08	 .08	
UFOV	Risk	Rating	 .07	 -.23	 -.05	 .01	
	
	
	
b.	One-tailed	
	 Driving	condition	
Neuropsychological	
measure	
Baseline	
(coin)	 Coin	
Baseline	
(radio)	 Radio	
Trails	A	time	(s)	 -.08	 .04	 .07	 .08	
Trails	B	time	(s)	 -.07	 -.07	 .11	 .09	
Digit	Span	(fwd)	 -.37	 -.07	 -.23	 -.10	
Digit	Span	(bkwd)	 -.38	 -.10	 -.44	 -.13	
SDMT	(raw)	 -.05	 -.14	 -.08	 .02	
UFOV	Processing	Speed	 .20	 -.18	 .05	 .14	
UFOV	Divided	Attention	 .01	 -.18	 -.09	 -.02	
UFOV	Selective	Attention	 .00	 .18	 -.08	 .08	
UFOV	Risk	Rating	 .07	 -.23	 -.05	 .01	
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Table	9	
	
Correlational	values	of	attention	tests	and	extended	glances	for	HC	participants	
	
	
a.	Two-tailed	
	 Driving	condition	
Neuropsychological	
measure	
Baseline	
(coin)	 Coin	
Baseline	
(radio)	 Radio	
Trails	A	time	(s)	 -	 .11	 -	 .00	
Trails	B	time	(s)	 -	 .01	 -	 -.01	
Digit	Span	(fwd)	 -	 -.43	 -	 .30	
Digit	Span	(bkwd)	 -	 .18	 -	 -.16	
SDMT	(raw)	 -	 -.33	 -	 .32	
UFOV	Processing	Speed	 -	 .20	 -	 -.04	
UFOV	Divided	Attention	 -	 -.22	 -	 -.03	
UFOV	Selective	Attention+	 -	 .24	 -	 .23	
UFOV	Risk	Rating	 -	 -.12	 -	 .37	
	
-	=	could	not	be	calculated	because	HC	participants	had	0	glances	that	exceeded	1.5s	in	these	
conditions	
+n	=	18	
	
	
	
b.	One-tailed	
	 Driving	condition	
Neuropsychological	
measure	
Baseline	
(coin)	 Coin	
Baseline	
(radio)	 Radio	
Trails	A	time	(s)	 -	 .11	 -	 .00	
Trails	B	time	(s)	 -	 .01	 -	 -.01	
Digit	Span	(fwd)	 -	 -.43*	 -	 .30	
Digit	Span	(bkwd)	 -	 .18	 -	 -.16	
SDMT	(raw)	 -	 -.33	 -	 .32	
UFOV	Processing	Speed	 -	 .20	 -	 -.04	
UFOV	Divided	Attention	 -	 -.22	 -	 -.03	
UFOV	Selective	Attention+	 -	 .24	 -	 .23	
UFOV	Risk	Rating	 -	 -.12	 -	 .37	
-	=	could	not	be	calculated	because	HC	participants	had	0	glances	that	exceeded	1.5s	in	these	
conditions	
*	=	p	<	.05	
+n	=	18	
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Figure	1.	Mean	frequency	of	extended	glances	away	from	the	road	during	coin	sort	task	
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Figure	2.	Mean	frequency	of	extended	glances	away	from	the	road	during	radio	tuning	task	
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